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 Polarizability Response for Graded (layered) 
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 Concept of  Tunability 
 Numerical Results 
 Concluding Remarks  
 
 
 «Ferroelectric multilayers and superlattices have 
gained interest as active elements of  tunable 
microwaves devices in telecommunications/wireless 
industry». 
 
 «A graded structure is expected to have a high relative 
dielectric permittivity» 
 
 S. Zhong et-al, IEEE Transactions on Ultrasonics, Ferroelectrics and Frequency control, vol 53, No. 
12, 2349 (2006)  
 A. K. Tagansev, V. O. Sherman, K. F. Astafiev, J. Venkatesh, and N. Setter, J. Electroceram. 11, 5 (2003). 
 O. G. Vendik, E. K. Hollmann, A. B. Kozyrev and A. M. Prudan, J. Supercond. 12, 325 (1999).  
 A. Kawasaky and R. G. Ford, in Functionally graded materials: Design, Processing and 
Applications  (Kluwer, Boston, 1999), p. 47. 
 𝐁𝐚𝟏−𝒙𝐒𝐫𝒙𝐓𝐢𝐎𝟑 (BST) is one of  the leading 
candidates for such applications, since the dielectric 
response and its tunability are very high in the 
vicinity of  the Paraelectric (PE)-Ferroelectric (FE) 
Phase transformation temperature 𝑇𝐶 . 
 S. Zhong et-al, Applied Physics Letters 90, 092901 (2007) 
 
 𝑇𝐶 can be controlled via composition 𝒙 
 R. A. York et-al, Integr. Ferroelectric. 34, 1617 (2001).     
 Schematic configuration of  BST multilayer heterostructure, 220 nm between 
metallic electrodes (Pt). 
 Tunability of  the BST multilayer as a function 
      of  the external field, at different temperatures. 
 
 
 
 
 
 
 
 
 LGD THEORY: FREE ENERGY DENSITY  
 
 
 
 
 
 S. Zhong et-al, Applied Physics Letters 90, 092901 (2007) 
 
 Electric-Field dependence of  the dielectric permittivity of  BST graded thin film at 
1kHz. (BST75, BST80, BST 90 BTO/ LaSrMO)  
 
 Johnson simplified Formula: K. M. Johnson, J. Appl. Phys. 33, 2826 (1962).  
 

𝜀(𝑇,𝐸)
𝜀(𝑇,0)
=
1
1+𝑏 𝑇 𝐸2 1/3
 
 
«The higher the dielectric permittivity at 
 zero electric field, the larger the tunability» 
 
 
 
 
 
 
 
 
 
 
 
             
                                                                                                    % ~ 87,2% ! @ 𝐸 = 4.7 × 107
𝑉
𝑚
. 
 
                                                                                                   S. G. Lu et-al,  Applied Physics Letter 82, issue 17 2877 (2003) 
 Device consisting of  a set of  N aligned Ferroelectric Layers 
 Microscopical description for the Polarization Field 
 
 
 
                                          
                                                t :  Tunneling Constant 
                                                      Kij : Exchange Interaction 
                            ez : Electric Field 
                                 P. Sun  et-al , pss(b) 245 ,11 2599-2604(2008) 
                                 C.L. Wang et-al, Ferroelectrics 152 (1994) 213 
 
 
 MFA (Blinc and Zecks):  
 Mean Values for the polarization  
 Self  Consistent System of  equations: 
 
 
 
 
 
 
 
 
 Soft Modes in Ferroelectrics and Antiferroelectrics, NorthHolland, Amsterdam 1974  
 Exchange Interaction between two (adjacent) polarized planes 
 
 
 -1  characteristic length intrinsically linked to the cluster geometry of  the lattice* 
 
 Average (normalized) polarization  
 
 
 
 
 
 
 *A.Simon, J.Phys.Condens.Matter, 16  (2004) 963 
 
 
 
 
 
 
 
 
(Left) Average Polarization as a function of  .  (Right) 
Polarization per layer: Surface effects observed. 
 Electrical Susceptibility of  the Graded Structure 
 
 
  Ratio of  the dielectric permittivity at zero electric field to its 
permittivity at non-zero electric field 
 
 
 
 Dielectric Permittivity 
 
 
 
 A. K. Tagantsev et-al, Journal of  Electroceramics, 11 (2003) 5-66 
(Left) Tunability response percentage as a function of  the external field. 
Maximum valued reached: ~55%. (Right) % as a function of  the 
characteristic length. 
 Dielectric Response for a FE graded structure is obtained by using 
the microscopic Transverse Ising Model (TIM). 
 
 Generalized expression for the exchange-interlayer interaction as a 
function of  the distance and characteristic parameter  is proposed. 
 
 Surface effects are reproduced from 𝑆𝑛
𝑍 : consistent with the 
classical result: R. Kretschmer and K. Binder, PRB 20 (1979) 1065. 
 
 Average polarization ℘  for graded structures as a function : 
critical parameter c emerges.  
 
 
 
 
 Dielectric tunability is directly calculated from . According with the LGD theory: there is a 
correlation between the free energy per volume G  and the dielectric response  : 
 
                                𝜀−1 =
𝜕2𝐺
𝜕℘2
= 𝑎∗ + 𝑏∗℘2 
 
 𝑎∗, 𝑏∗ Renormalized expansion coefficients ⟷   𝑄𝑖𝑗 Electrostrictive Tensor 
 
 
 Perspective: Probability of  transference between pseudospin states  
 
 𝑆𝑋𝑖 → 𝑆
𝑍
𝑗 
 
 
 
 
 
 
  
 
 
